The objective was to evaluate the efficacy of MP-AzeFlu (Dymista Ò ) vs fluticasone propionate (FP), (both 1 spray/nostril bid), in children with allergic rhinitis (AR). MP-AzeFlu combines azelastine hydrochloride, FP and a novel formulation in a single spray. Children were randomized in a 3 : 1 ratio to MP-AzeFlu or FP in this open-label, 3-month study. Efficacy was assessed in children aged ≥ 6 to <12 years (MP-AzeFlu: n = 264; FP: n = 89), using a 4-point symptom severity rating scale from 0 to 3 (0 = no symptoms; 3 = severe symptoms). Over the 3-month period, MP-AzeFlu-treated children experienced significantly greater symptom relief than FP-treated children (Diff: À0.14; 95% CI: À0.28, À0.01; P = 0.04), noted from the first day (particularly the first 7 days) and sustained for 90 days. More MP-AzeFlu children achieved symptom-free or mild symptom severity status, and did so up to 16 days faster than FP. MP-AzeFlu provides significantly greater, more rapid and clinically relevant symptom relief than FP in children with AR.
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Intranasal corticosteroids (INS) are recommended for the treatment of children with allergic rhinitis (AR) (1). However, they provide insufficient symptom control for many. Considering that AR is associated with poor asthma control (2) , is a predictor of wheezing onset in school-aged children (3) and poorer examination performance at school (4), it is important to get it under control. Unfortunately, AR is undiagnosed and undertreated in children (5 (6) (7) (8) (9) (10) , providing twice the overall nasal and ocular symptom relief as an INS or intranasal H1-antihistamine, and more complete and rapid symptom control (6) . A lower treatment effect has been observed in paediatric allergy trials (11) (12) (13) , possibly confounded by caregiver assessment (14, 15) . The present study was primarily designed to assess the long-term safety of MP-AzeFlu (the results of which will be published in full elsewhere). Efficacy was assessed secondarily using a simple scoring system in an effort to minimize this confounder. The objective was to evaluate the efficacy of MP-AzeFlu compared to FP in children aged ≥ 6 to <12 years, with AR.
Methods

Protocol
This was a prospective, randomized, active-controlled, parallel-group, 3-month, open-label safety trial in children with AR carried out at 42 investigational sites in the USA (March-October 2013). Ethics approval was obtained (Chesapeake Research Review Inc., Columbia, MD, USA), and the study conducted in accordance with Good Clinical Practice.
Participants
Male and female children aged ≥ 4 to <12 years (at screening visit), with a history of AR and who may benefit from treatment with MP-AzeFlu, in the opinion of the investigator (based on medical history and physical examination), were included. These children were free of any disease or concomitant treatment that could have interfered with the interpretation of the study. Those with superficial or moderate nasal erosion, nasal mucosal ulceration or nasal septum perforation, who had nasal surgery within the last year, had significant pulmonary disease (excluding intermittent asthma), a hypersensitivity to AZE and/or FP or had used any investigation drug within 30 days prior to providing informed consent were excluded.
Planned interventions and timing
The study comprised a 2-to 30-day lead-in period, and a 3-month treatment period, with study visits on Days, 1, 15, 30, 60 and 90. On Day 1, eligible children were randomized in a 3 : 1 ratio to either MP-AzeFlu nasal spray (daily dose: AZE 548 lg, FP 200 lg) or FP nasal spray (Roxane; daily dose 200 lg), both administered as 1 spray/nostril bid.
Efficacy variables
Each child (or caregiver) completed a 24-h reflective total symptom score (TSS) evaluation, scored daily in the morning during the lead-in period and prior to the AM dose in the treatment period, in response to the question 'how were your allergy symptoms over the past 24 h?'.
Allergy symptoms were scored from 0 (none/absent: no symptoms present), 1 (mild: symptoms clearly present, but minimal awareness and easily tolerated), 2 (moderate: definite awareness of symptoms that were bothersome but tolerable) to 3 (severe: hard to tolerate and caused interference with activities of daily living and/or sleeping).
Safety variables
Adverse events, nasal examination findings and vital signs were assessed. These data will be published in full separately (16) .
Statistical analyses
Because it was a safety study, no inferential efficacy analysis were predefined in the protocol. The development focus of the paediatric programme was in the age range of 6-to 11-year-olds with some exploration in 4-to 5-year-olds. The mean change in TSS from baseline to each clinic visit was analysed post hoc for all randomised children aged ≥ 6 to <12 years old who took the drug. These data were analysed with a mixed-model ANCOVA (baseline as covariate; age class, visit and treatment as fixed effects). Missing data were not replaced. Time to response was analysed by Kaplan-Meier estimates and log-rank tests. Response was defined as change in TSS from a baseline of 2 or 3 (i.e. moderate to severe) to a maximum of 1 (i.e. mild at most). For symptomatic children (i.e. baseline value ≥ 2), this is equivalent to a 50% reduction from baseline in AM + PM reflective total nasal symptom score (rTNSS) assessed in other studies (6, 7) . Mean % of days with none to mild symptoms (i.e. TSS 0 or 1) was also calculated for both groups.
Results
Child disposition
A total of 405 children were randomized to MP-AzeFlu or FP treatment. A total of 51 children (aged ≤ 5 years) were excluded from the efficacy analysis, as per the statistical plan efficacy was assessed in those aged ≥ 6 to <12 years. One child was excluded from the FP group (did not receive medication), yielding n = 264 and n = 89 in the MP-AzeFlu and FP treatment groups, respectively. Time-to-response analysis was performed for symptomatic children (i.e. TSS above 2 at baseline; MP-AzeFlu: n = 124; FP: n = 44). Of these, 15 children (6%) did not complete the study in the MP-AzeFlu group (n = 4 AE, n = 1 treatment failure, n = 1 protocol violation, n = 2 noncompliance, n = 3 withdrawal, n = 2 lost to follow-up and n = 2 other) and eight children (9%) failed to complete from the FP group (n = 3 AE, n = 1 protocol violation, n = 1 withdrawal, n = 2 lost to follow-up, n = 1 other).
Child baseline and demographic information
Similar baseline characteristics were observed in the MP-AzeFlu and FP groups ( Table 1 ). The proportion of children with concomitant asthma was 4.86% and 4.90% in the MPAzeFlu and FP groups, respectively.
Reflective total symptom score
Children treated with MP-AzeFlu experienced a À0.68 pt reduction in TSS, significantly greater than that afforded by FP (À0.54 pt reduction; Diff: À0.14; 95% CI: À0.28,À0.01; P = 0.0410). The superiority of MP-AzeFlu was noted from the first day of assessment, particularly during the first 7 days of treatment, and sustained for 90 days. More children treated with MP-AzeFlu (eight of 10 children) achieved symptom-free or at most mild symptom severity in the first month of treatment, and did so up to 16 days faster than FP (Figure 1 
Discussion
MP-AzeFlu provided significantly better AR symptom relief than FP in children aged ≥ 6 to <12 years, the first time the efficacy of INS has been exceeded in this population. Effect size was similar to that seen in adult and adolescent SAR patients (6) . In the current study, MP-AzeFlu induced a À0.68 point TSS reduction from baseline, a À0.14 point difference vs FP, corresponding to a À5.44 point reduction and À1.12 point difference, respectively, on the 24-point rTNSS scale used in the adult/adolescent SAR trials (6, 7). Furthermore, approximately eight of 10 children treated with MP-AzeFlu in the current study achieved symptomfree or at most mild symptom severity in the first month of treatment, and did so up to 16 days faster than FP; comparable to the proportion of adult and adolescent patients with perennial AR over the same time period (8) , which should positively influence concordance with MPAzeFlu therapy. Approximately three quarters of children treated with MP-AzeFlu experienced no or only mild symptoms during the 3-month treatment period. Achieving AR symptom control (and rapidly) is particularly important in children due to the negative impact of uncontrolled disease on school performance (4) and on asthma control (2) .
Previously, MP-AzeFlu has demonstrated statistical superiority over placebo in children (aged ≥ 6 to <12 years) with moderate/severe SAR (17, 18) , and as the extent of child self-rating increased, so too did the treatment difference between MP-AzeFlu and placebo. However, efficacy was assessed using an endpoint designed for adolescent/ adult populations (i.e. by rTNSS), in line with regulatory requirement, and could be rated by either children or caregivers. The present study was designed to minimize assessment effort and bias using a much simplified and childfriendly efficacy assessment tool. Using this simple 4-point Figure 1 Time to achieve at most mild allergic rhinitis symptom severity in children with moderate-to-severe symptoms at baseline during the first month of treatment with either MP-AzeFlu (n = 124) or fluticasone propionate (FP: n = 44), both 1 spray/nostril bid, in children aged ≥6 to 12 years. Time to response was analysed by Kaplan-Meier estimates and log-rank tests.
rating scale significant superiority of MP-AzeFlu was detected vs an active treatment. Limitations of the current study include the open-label design and that it was primarily a safety study, with no assessment of quality of life or inferential efficacy analysis predefined in the protocol. However, the applied statistical method used to assess efficacy is straightforward and standard. In addition, the low number of clinic visits and the simple method of efficacy assessment make this trial quite pragmatic in nature and representative of response achievable in real life. Use of the simple 4-point severity scoring system was sensitive enough to detect difference in efficacy between two active treatments. MACVIA ARIA recommends another simple tool, the visual analogue scale, to assess disease control and guide treatment decisions (19) . These tools should be strongly considered for inclusion in AR trials in children.
In conclusion, MP-AzeFlu provides significantly greater, more complete and more rapid AR symptom control than FP in children (aged ≥ 6-12 years) and has been granted approval for use in this age group by the FDA. Efficacy assessment in AR trials in children might be improved by use of simple tools.
